threats. Prey could minimize the costs associated with learning the identity of both 28 predators and nonpredators by making educated guesses on the identity of a novel species 29 based on their similarities with known predators and nonpredators, a process known as 30
Learned recognition of novel predators allows prey to respond to ecologically relevant 27 threats. Prey could minimize the costs associated with learning the identity of both 28 predators and nonpredators by making educated guesses on the identity of a novel species 29 based on their similarities with known predators and nonpredators, a process known as 30
generalization. Here, we tested whether juvenile rainbow trout, Oncorhynchus mykiss, 31
have the ability to generalize information from a known predator (experiment 1) or a 32 known harmless species (experiment 2) to closely related but novel species. In 33 experiment 1, we taught juvenile trout to recognize a predatory pumpkinseed sunfish, 34
Lepomis gibbosus, by pairing pumpkinseed odour with conspecific alarm cues or a 35 distilled water control. We then tested the trout for a response to pumpkinseeds and to 36 novel longear sunfish, Lepomis megalotis (same genus as pumpkinseed), rock bass, 37
Ambloplites rupestris (same family as pumpkinseed) or yellow perch, Perca flavenscens 38 (different family). Trout showed strong learned recognition of pumpkinseed and longear 39 sunfish odour and a weak learned response to rock bass odour but no recognition of 40 yellow perch. In experiment 2, we used latent inhibition to teach juvenile trout that 41
To balance the conflicting demands of predator avoidance and other fitness-52 related activities such as foraging, territorial defence and mating, prey organisms require 53 accurate information regarding local threats (Helfman 1989; Lima & Dill 1990) . 54
However, uncertainty in quality and/or reliability of information may limit the ability of 55 prey to make appropriate behavioural decisions (Sih 1992; Lima 1998 ). Thus, in response 56 to this uncertainty, individuals capable of acquiring information about their environment 57 should be better able to deal with variable risks (Dall et al. 2005) . Within the context of 58 threat-sensitive predator avoidance, the use of personal (direct interactions) and/or social 59 information (Dall et However, such learning is costly, because prey must survive the initial conditioning event 71
(i.e. encounter with the predator; Ferrari et al. 2007 ). In addition, selection favouring 72 learning abilities may represent a fitness cost due to increased physiological costs 73 associated with increased energetic investments into neural and/or sensory structures 74 underlying learning and memory (Mery & Kawecki 2003 . The ability to 75 generalize learned information, such as predator cues, is argued to reduce these costs 76 (Griffin et al. 2001; Ferrari et al. 2007 ). Phylogenetically related predators may share 77 predatory tactics and/or preferred diets (Olson et al. 1995; Ferrari et al. 2007 ; Barco et al. 78 2010). For example, several sympatric species of centrarchids show a high degree of 79 similarity in ontogeny, foraging tactics and diet preferences (Scott & Crossman 1973 ; 80 Brown 1984). As such, prey at risk of predation from one species may also be at risk of 81 predation from closely related species. Thus, generalizing recognition of potential 82 predators may allow prey to increase their likelihood of survival without compromising 83 threat-sensitive trade-offs (Ferrari et al. 2007 (Ferrari et al. , 2008 . (Akins 1994 ). In the case of 93 chemically mediated learning to recognize predators, pre-exposure to predator odour in 94 the absence of a reinforcing risk stimulus is known to reduce the likelihood that prey will 95 acquire recognition of this species as predatory. Such inhibition has been demonstrated in 96 several taxa, including virile crayfish, Orconectes virilis (Acquistapace et al. 2003) , 97 fathead minnows, Pimephales promelas ) and woodfrogs, Rana 98 sylvatica ). For example, when exposed to a novel predator odour 99 for 2 h/day for 3 days, crayfish were unable to learn to associate the predator cue with a 100 real predation threat. Likewise, fathead minnows were unable to learn to recognize brook 101 charr, Salvelinus fontinalis, as a predation threat when the minnows had been pre-102 exposed to charr odour. 103
104
Whether prey can further refine their predator recognition learning by 105 generalizing inhibited information, however, remains unknown. Generalizing learned 106 information is argued to be beneficial, as it would minimize the costs associated with 107 having to learn specific cues of similar predators. We can also argue that generalizing 108 inhibited information would be beneficial. Presumably, if prey can learn that a particular 109 heterospecific is not a predation threat, as a result of repeated exposure with no 110 reinforcement, they would benefit by generalizing this inhibited information to 111 phylogenetically related species. 112 113 However, the question of whether generalization of nonpredator recognition 114 should be as widespread as generalization of predator recognition requires us to do a 115 quick cost-benefit analysis of these responses. When encountering a novel species, the 116 individual must decide whether it poses a threat. When the novel species is reminiscent of 117 a known predator, the prey may decide to deal with their uncertainty by generalizing its 118 knowledge and treating this novel species as a threat. If the prey is correct, it survives. If 119 the novel species was not a predator, the prey wasted time and energy that could have 120 otherwise been allocated to foraging or courting. Thus, generalizing predator recognition 121 may allow prey to survive their first encounter with a novel predator at best, or it may 122 result in missed opportunities at worse. Similarly, when the novel species is reminiscent 123 of a nonpredator, the prey may decide to generalize their responses from known 124 nonpredators. In this case, if the novel species was indeed harmless, the prey made the 125 right decision. If the novel species was not harmless, the prey not only failed to respond 126 to threat, but it labelled it as a nonthreatening cue, which will prevent the prey from 127 learning to recognize this species as a predator during subsequent encounters. This is a 128 direct consequence of the proximate mechanism behind the labelling of nonrisky species: 129 latent inhibition. When an individual encounters a stimulus for the first time, the stimulus 130 is neither negative nor positive, but rather neutral, at least in the absence of any sensory 131 bias. Learned predator recognition allows prey to label unknown, neutral stimuli as 132 threatening. Conversely, latent inhibition allows prey to label unknown, neutral stimuli as 133 harmless. However, once a stimulus is labelled as harmless, subsequent associations with 134 a known threat (unconditioned stimulus) will reduce or prevent learning ( quicken the labelling of a novel species as harmless at best, or it may delay the 137 recognition of a predator at worse, which may result in an increase in predation risk to 138 prey. Because of the asymmetry between the potential costs of errors between 139 generalization of predators and nonpredators, we predict that generalization of predators 140 may be more widespread than generalization of nonpredators. 141
142
The purpose of the current study was two-fold. First, we tested the hypothesis that 143 juvenile rainbow trout, Oncorhynchus mykiss, can generalize acquired predator 144 recognition from one predator species to the cues of phylogenetically related predators. 145
We conditioned trout to recognize the odour of a pumpkinseed sunfish, Lepomis 146 gibbosus, and then tested them for their recognition of pumpkinseed or the odour of 147 longear sunfish, Lepomis megalotis, rock bass, Ambloplites rupestris, and yellow perch, 
158
The second goal of this study was to test the hypothesis that juvenile rainbow 159 trout can also generalize information about nonpredators. We pre-exposed juvenile trout 160 to pumpkinseed odour (latent inhibition) or a distilled water control and conditioned them 161 to recognize each of the four predator odours. If pre-exposure to pumpkinseed odour 162 resulted in latent inhibition, we predicted a lack of a learned response to pumpkinseed 163 odour. If this inhibition was generalized, we predicted that there would also be an 164 
Conditioning phase 216
Juvenile trout were transferred to individual test tanks (one trout per test tank) and 217 allowed a 24 h acclimation period prior to testing. Test tanks consisted of a series of 10 218 37-litre glass aquaria (18 °C, pH ~ 7.0), filled with 32 litres of dechlorinated tap water, 219 equipped with a gravel substrate and a single airstone fixed to the back wall of the tank. 220
In addition, we attached a 2 m length of airline to the back wall that terminated 221 immediately above the airstone to allow for the introduction of experimental cues without 222 disturbing test fish. Immediately prior to conditioning, we withdrew and discarded 60 ml 223 of tank water through the stimulus tube to remove any stagnant water. We then withdrew 224 and retained an additional 60 ml of water. We injected 10 ml of pumpkinseed odour, 225 immediately followed by either 10 ml of trout alarm cue (conditioned trout) or 10 ml of 226 distilled water (pseudoconditioned trout). Trout remained in the conditioning tank for 227 approximately 60 min and were then transferred to an identical test tank for recognition 228 
Recognition trials 232
We conducted recognition trials 24 h after the conditioning phase. Trials consisted 233 of a 5 min prestimulus and a 5 min poststimulus introduction period. Prior to the 234 prestimulus observation, we withdrew 60 ml of tank water, as described above. 235
Immediately following the prestimulus observation period, we introduced 10 ml of one of 236 five stimuli. We exposed trout to odour of pumpkinseed (the reference predator), longear 237 sunfish (congeneric predator), rock bass (confamilial predator), yellow perch (unrelated 238 predator) or an additional control of distilled water. We fed test fish approximately 30 239 min prior to testing. Sufficient food was added to ensure that there were food particles 240 remaining during the behavioural observations, allowing us to quantify foraging without 241 presenting additional food (Vavrek & Brown 2009 ). A feeding attempt was defined as a 242 pecking movement towards a food particle, either on the substrate or in the water column. 243
A reduction in both time moving and foraging attempts is indicative of an acute 244 antipredator response in juvenile rainbow trout (Smith et al. 2008 ). We conducted a total 245 of 12 replicates per treatment combination (N = 120). Mean ± SD standard length of test 246 fish was 3.43 ± 0.31 cm at time of testing. In all cases, the observer was blind to the 247 treatments (previous conditioning and recognition test stimuli) and the order of 248 treatments was randomized. 249
250

Statistical analysis 251
We calculated the change in foraging attempts and time spent moving 252 (poststimulus -prestimulus values) and used these difference scores as dependent 253 variables in our analyses. We tested the effects of initial conditioning stimulus (alarm cue 254 versus distilled water) and predator cues (and the additional distilled water control) on the 255 change in foraging attempts and time spent moving using univariate GLM ANOVAs 256 (PASW Statistics, Version 18, 2009; IBM, Armonk, NY, U.S.A.). Post hoc comparisons 257 between conditioned versus pseudoconditioned trout exposed to the same predator cue 258 during recognition trials were made using independent samples t tests. We employed a 259
Bonferroni correction to account for increasing type I error rates. The data met the 260 requirements (normality and homeoscedasticity) for parametric analysis. We introduced 10 ml of either pumpkinseed odour or distilled water, twice daily for 3 272 consecutive days (at ~ 0900 and ~ 1400 hours). Approximately 30 min following the 273 introduction of the cue into the container, we conducted a 100% water change with tank 274
water from a separate system to ensure that no chemical cues remained and there was no 275 incidental exposure of the control containers with pumpkinseed odour. As a result, trout 276 were pre-exposed to pumpkinseed or distilled water for a maximum of 60 min/day. 277
Containers receiving pumpkinseed odour and distilled water preconditioning were 278 randomly distributed across both stream channels. Three hours following the final 279 exposure, trout were transferred to individual test tanks, as described above, and allowed 280 24 h acclimation prior to conditioning. 281
282
The conditioning phase was conducted as described above
Recognition trials 289
Recognition trials followed the same general protocol as described above for 290 experiment 1, except individual trout were only tested for the recognition of the predator 291 odour to which they were conditioned. We also omitted the additional distilled water 292 control stimulus. We conducted a total of 10 replicates (12 replications for the 293 pumpkinseed) for each treatment combination (2 levels of preconditioning x 2 levels of 294 conditioning x 4 levels of predator odour) for a total of 168 replicates. Mean ± SD 295 standard length of test fish size was 3.29 ± 0.34 cm at time of testing. All observations 296 were made blind to the treatments and the order of treatments was randomized. 297
298
Statistical analysis 299
As in experiment 1, we calculated the change in foraging attempts and time spent 300 moving, and used these difference scores as dependant variables. Data were tested in two 301
ways. Initially, we tested for the overall effects of preconditioning (pumpkinseed odour 302 versus distilled water), conditioning stimulus (alarm cue versus distilled water) and four 303 predator odours using univariate GLM ANOVAs (PASW Statistics version 18, 2009). 304
Given the significant interactions between the preconditioning and conditioning stimuli 305 treatments (see below), we conducted a second analysis for trout preconditioned with 306 pumpkinseed odour and trout preconditioned with distilled water separately. In this 307
second level analysis, we tested the effects of conditioning stimulus (alarm cue versus 308 distilled water and predator odour on the change in foraging attempts and time spent 309 moving using univariate GLMs. We conducted post hoc comparisons between 310 conditioned versus pseudoconditioned trout exposed to the same predator cue during 311 recognition trials using independent samples t tests to explore significant two-way 312 interaction terms found in this second analysis. We employed a Bonferroni correction to 313 account for increasing type I error rates. The data met the requirements (normality and 314 homeoscedasticity) for parametric analysis. 315
316
RESULTS
318
Experiment 1: Generalization of Predator Recognition 319 320
The results of our overall univariate ANOVA revealed significant main effects for 321 conditioning stimulus (F 1, 110 = 9.12, P = 0.003) and predator odour (F 4, 110 = 2.56, P = 322 0.042) for the change in foraging attempts. Moreover, we found a significant interaction 323 between the two main effects for the change in foraging attempts (F 4, 110 = 2.85, P = 324 0.027). Likewise, we found significant main effects of conditioning stimulus (F 1, 110 = 325 7.73, P = 0.006) and predator odour (F 4, 110 = 5.83, P < 0.001) on the change in time spent 326 moving. However, we found no significant interaction between the main effects for time 327 spent moving (F 4, 110 = 1.65, P = 0.17). 328
329
Post hoc analyses revealed that trout conditioned with alarm cue + pumpkinseed 330 odour showed a significant reduction in foraging attempts when exposed to pumpkinseed 331 (t 22 = -2.84, P < 0.05) or longear sunfish (t 22 = -2.67, P < 0.05) odour, relative to 332 pseudoconditioned controls tested with the same predator odour (Fig. 1a) . There was no 333 difference in the change in foraging attempts for conditioned versus pseudoconditioned 334 trout when exposed to rock bass (t 22 = 0.31, P = 0.76) or perch (t 22 = -0.21 P = 0.83) 335 odour or to the distilled water control (t 22 = -0.69, P = 0.49; Fig. 1a) . Likewise, when 336 compared to the pseudoconditioned trout, conditioned trout showed a significant 337 reduction in time spent moving (Fig. 1b) only when exposed to pumpkinseed (t 22 = -2.54, 338 P < 0.05) or longear sunfish (t 22 = -2.60, P < 0.05; Fig. 1b) odour. We found no 339 difference between conditioned and pseudoconditioned trout exposed to rock bass odour 340 t 22 = -1.44, P = 0.16), yellow perch odour (t 22 = 0.31, P = 0.74) or the distilled water 341 control (t 22 = -0.08, P = 0.94; Fig. 1b) . 342
343
Experiment 2: Generalization of Nonpredator Recognition 344 345
For the change in foraging attempts, the results of our initial overall univariate 346 ANOVA revealed a significant effect of predator odour (F 3, 152 = 3.25, P = 0.024) and 347 conditioning stimulus (F 1, 152 = 35.22, P < 0.001). While we found no significant main 348 effect of preconditioning stimulus (F 1, 152 = 1.69, P = 0.19), we did find a significant 349 interaction between the preconditioning stimulus (pumpkinseed odour versus distilled 350 water) and the conditioning stimulus (F 1, 152 = 4.04, P = 0.046). We found no significant 351 preconditioning*predator odour (F 3, 152 = 1.04, P = 0.38), predator odour*conditioning 352 stimulus (F 3, 152 = 0.72, P = 0.54) or three-way interactions (F 3, 152 = 2.16, P = 0.09). 353
354
For the change in time spent moving, we found significant effects of 355 preconditioning stimulus (F 1, 152 = 6.68, P = 0.011) and conditioning stimulus (F 1, 152 = 356 31.14, P < 0.001). We found no significant main effect of predator odour (F 3, 152 = 1.84, 357 P = 0.14). Similar to the change in foraging attempts, we found a significant 358 preconditioning stimulus*predator odour interaction (F 1, 152 = 4.59, P = 0.034). As above, 359
we found no other significant interaction terms (preconditioning*predator odour, F 3, 152 = 360 2.08, P = 0.11; predator odour*conditioning stimulus, F 3, 152 = 0.89, P = 0.44; three-way 361 interaction, F 3, 152 = 2.2, P = 0.08). 362
363
Based on significant interaction between the effects preconditioning treatment and 364 conditioning stimulus (see above), we further compared the change in foraging attempts 365 and time spent moving for trout preconditioned with distilled water and trout 366 preconditioned with pumpkinseed odour separately. Trout initially preconditioned with 367 distilled water alone showed a significant effect of conditioning stimulus for both the 368 change in foraging attempts (F 2,76 = 25.34, P < 0.001; Fig. 2a ) and time spent moving 369 (F 2,76 = 28.46, P < 0.001; Fig. 2b ). However, we found no effect of predator odour on 370 either the change in foraging attempts (F 3,76 = 0.51, P = 0.67; Fig. 2a ) or time spent 371 moving (F 3,76 = 0.11, P = 0.95; Fig. 2b) . Likewise, there was no significant interaction 372 between the main effects for trout preconditioned with water (change in foraging 373 attempts: F 3,76 = 0.29, P = 0.83; change in time moving: F 3,76 = 0.26, P = 0.86; Fig. 2a  374 and Fig. 2b, respectively) . Overall, trout preconditioned with distilled water did not 375 appear to be inhibited from learning any of the predator odours (Fig. 2a, b) . 376 377 However, when considering trout preconditioned with pumkinseed odour alone, 378
we found significant main effects of conditioning stimulus (foraging attempts: F 1, 76 = 379 10.21, P = 0.002; time moving: F 1, 76 = 6.21, P = 0.015) and predator odour (foraging 380 attempts: F 3, 76 = 4.83, P = 0.004, Fig. 2c ; time moving: F 3, 76 = 3.98, P = 0.011, Fig. 2d) . 381
More importantly, we found a significant interaction between conditioning stimulus and 382 predator odour for both the change in foraging attempts (F 3,76 = 3.33, P = 0.024; Fig. 2c ) 383 and time spent moving (F 3,76 = 2.90, P = 0.036; Fig. 2d ). Post hoc tests revealed that 384 following preconditioning exposure to pumpkinseed odour, there was no significant 385 difference between conditioned and pseudoconditioned trout exposed to pumpkinseed 386 (foraging attempts: t 22 = 0.40, P = 0.69; time spent moving: t 22 = -0.28, P = 0.79) or 387 longear sunfish odour (foraging attempts: t 18 = -0.49, P = 0.63; time spent moving: t 18 = 388 0.81, P = 0.43; Fig. 2c, d ) during the recognition trials. However, preconditioning with 389 pumpkinseed odour had no effect on the ability of trout to learn to recognize rock bass 390 (foraging attempts: t 18 = -3.21, P < 0.05; time spent moving: t 18 = -2.65, P < 0.05) or 391 yellow perch (foraging attempts: t 18 = -2.67, P < 0.05; time spent moving: t 18 = -4.38, P < 392 0.05; Fig. 2c, d) period did not allow us to capture the subtleties in antipredator waning (Zhao et al. 2006) . 414
Alternatively, trout may be using cues that prevent them from discriminating between 415 two congeneric species, namely pumpkinseed and longear sunfish. 416
417
Our second experiment demonstrates that pre-exposure to a predator cue 418 (pumpkinseed odour) twice per day for 3 days results in the inability to learn the 419 recognition of pumpkinseed as a predation threat, via the mechanism of latent inhibition. hypothesis that the recognition of a nonpredator can also be generalized. Juvenile trout, 432 which were inhibited from learning pumpkinseed odour, showed no evidence of learned 433 recognition when conditioned to recognize the odour of a congeneric predator (longear 434 sunfish). However, pre-exposure to pumpkinseed odour did not impair the ability of trout 435 to learn the odour of rock bass or yellow perch, demonstrating that the inhibition of 436 learning was not generalized towards more distantly related predators. In effect, juvenile 437 rainbow trout appear able to generalize the recognition of predator cues and the 438 recognition of nonpredator cues. This is the first demonstration that nonpredator 439 recognition can be generalized. Combined, the ability to generalize the learned 440 recognition of predator and nonpredator cues should increase the likelihood of prey 441 responding only to ecologically relevant predation threats. has shown that prey acquire recognition of novel predator cues proportional to the 467 intensity of perceived risk during the initial conditioning (Ferrari et al. 2005 . For 468 example, fathead minnows showed a stronger learned response to a novel predator odour 469 when it was initially paired with a high-versus low-risk cue (Ferrari et al. 2005) . 470
Moreover, minnows show threat-sensitive generalization of learned predator odours. 471 learning is not without risk. Any initial learning opportunity would involve exposure to a 488 potentially high-risk predation event, and thus may be considered costly. Generalization 489 of learned predator information would allow prey to respond to acquired cues without the 490 increased cost associated with direct learning (Ferrari et al. 2007 ). The ability to 491 generalize predator recognition would be particularly beneficial for prey exposed to 492
unpredictable, yet intense, predation threats because it would limit the time prey are 493 actually exposed to a real threat. Likewise, generalizing what is not an actual predation 494 threat would also reduce time and energy otherwise spent on directly assessing threats. Pre-exposed to distilled water Pre-exposed to pumpkinseed odour
Predator odour
